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LONG  TERM  GOALS 

'a!'*'®  ‘““8“  “  '^“njunction  with  in  situ  measurer  ents  to 

mderstmd  the  geometry  and  seasonality  of  the  shelf/slope  front  and  the  fluctuations  of  t!  e  slooe 
water  along  the  east  coast  of  North  America.  ^ 

OBJECTIVES 

AVHRR  images  to  show  the  location  and  orientation  of  the  shelf/slope  front  and 
used  tte  tUttmemr  to  study  the  fluctuations  of  the  geostmphic  eumtnts.  The  inmger^^as  usld  in 
ne^  real  time  dunng  at-sea  intensive  observation  periods  to  provide  a  context  for  the  surveys 
and  acoustic  work.  The  altimeter  data  was  used  to  study  the  l^er-scale  and  longe 
vanations  in  sea  surface  height  (SSH)  and  geostrophic  currents.  ^  ^  ^ 

APPROACH 

To  use  the  alumeter  data  for  sub-tidal  geostrophic  current  estimates,  it  is  first  necessary  to 

ThZh  tidal  component  of  SSH  along  each  satellite  subtrack  afeS^ml 

Though  Udal  models  have  been  greatly  improved  using  satellite  altimetry  they  are  not  as 
accurate  in  shallow  water  (less  than  1000  m)  than  they  are  in  deep  water.  TOs  is  particularly 
problematic  because  the  SSH  gradients  associated  with  shallow  water  currents  are^not  larc^e^ 

Srmode7L^.'l"^rf  several  tidal  models,  including  one  from  a  hydrodynamic 

tidal  model  designed  for  accuracy  in  coastal  applications  and  one  derived  from  in  situ  Lrrent 
observations^  Professor  Chnstian  LeProvost's  group  in  Grenoble,  France,  ran  the  hydrodynamic 

^udY  Dr^AlSr^rSr^r  specifically  for  our 

^  Scotti,  working  with  Dr.  Robert  Beardsley  at  WHOI,  computed  a  tidal 

correction  from  histoncal  and  Primer  current  meter  velocities.  ” 
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WORK  COMPLETED 


We  completed  an  extensive  comparison  of  the  skill  of  five  tidal  models  in  removing  tidal 
fluctuations  from  the  altimeter  data,  by  examining  both  SSH  and  geostrophic  currents.  Two  tests 
of  the  tidal  model's  effectiveness  were  devised  for  this  study,  based  on  the  expected  contribution 
of  the  tides  to  SSH  and  velocity  fluctuations.  A  good  tidal  correction  should  reduce  the  variance 
of  both  SSH  and  velocity  because  a  portion  of  the  signal  is  being  removed.  In  addition,  because 
the  10-day  repeat  cycle  of  the  TOPEX/Poseidon  satellite  aliases  the  dominant  semi-diurnal  tides 
to  periods  near  60  days,  the  tidal  correction  should  reduce  the  spectral  energy  near  this  period. 
Finally,  the  tidally  corrected  SSH  should  give  a  better  agreement  between  geostrophic  and  in  situ 
current  estimates. 

After  the  application  of  the  tidal  correction,  the  SSH  anomalies  were  used  to  compute 
geostrophic  currents.  These  currents  were  compared  with  current  meter  measurements  provided 
by  Dr.  Robert  Pickart  at  WHOI.  The  large-scale  coherent  variations  in  slope  currents  were 
examined  for  more  than  four  years  and  some  theories  about  the  causes  of  interannual  variations 
were  examined. 

RESULTS 

The  examination  of  tidal  corrections  showed  that  all  of  the  tidal  corrections  reduced  SSH 
variance  and  the  60-day  period  alias  for  SSH  with  relatively  high  skill.  However,  although  the 
altimetric  tidal  corrections  worked  relatively  well  for  velocity  on  the  mid-shelf  and  in  deep 
water,  the  correction  increased  the  velocity  variance  over  the  outer  shelf  and  slope  on  some 
subtracks  (Figure  1).  None  of  the  corrections  gave  an  overall  reduction  in  velocity  variance  or  in 
the  60-day  alias  for  all  of  the  subtracks.  The  worst  results  for  velocity  were  obtained  on  the 
subtrack  nearest  to  that  on  which  the  in  situ  observations  were  made.  The  in-jirw-based 
correction  had  negligible  skill  in  reducing  velocity  variance.  Because  of  the  inadequacy  of  the 
tidal  corrections,  it  was  not  possible  to  examine  the  shelf/slope  front,  which  would  have  required 
corrected  SSH  for  shallow  water.  However,  the  slope  currents  are  an  indication  of  the  overall 
strength  of  the  shelf/slope  front  and  an  extensive  analysis  of  the  low-frequency  slope  currents 
was  conducted,  after  removing  all  SSH  variations  at  60-day  periods,  as  a  proxy  for  a  tidal 
correction. 

SSH,  with  the  60-day  period  variations  removed,  produced  geostrophic  current  estimates  which 
were  highly  correlated  (p  >  0.7)  with  near-surface  subtidal  currents  in  water  deeper  than  about 
1000  m.  Currents  were  measured  by  current  meters  at  a  water  depth  of  approximately  100  m  for 
water  depths  of  2990  m,  2210  m,  1000  m.  The  highest  correlations  occurred  in  the  deepest  water, 
consistent  with  the  assessment  that  tidal  corrections  are  more  accurate  in  deeper  water. 

Given  the  high  correlations  for  the  altimetric  and  in  situ  currents,  the  geostrophic  currents  along 
six  subtracks  along  the  Atlantic  coast  were  examined.  The  seasonal  current  anomalies  were 
relatively  coherent  over  the  region  (approximately  1200  km  along  the  coast,  from  Nova  Scotia  to 
New  Jersey)  and  in  agreement  with  previous  observations.  An  EOF  analysis  of  the  currents 
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Figure  1.  The  ratio  of  the  variance  for  the  alongtrack  SSH  derivative  with  and  without  tidal  corrections  for 
six  T/P  tracks.  Bottom  depth  is  shown  by  the  dark  solid  line. 


(Figure  2)  confirmed  the  dominance  of  the  seasonal  anomalies,  but  also  revealed  that  the  sea¬ 
sonal  pattern  was  interrupted  in  1996  and  currents  remained  steadily  toward  the  southwest 
through  the  winter.  The  second  EOF  of  slope  currents  showed  relatively  large  and  localized 
fluctuations  near  the  Gulf  of  Maine. 

Some  theories  regarding  the  interannual  variations  in  the  currents  were  examined,  including  the 
possibility  that  changes  in  the  Gulf  Stream  path  or  changes  in  the  Labrador  Sea  caused  the  slope 
current  anomalies.  The  Gulf  Stream  path  for  the  region  was  computed  using  the  method  of  Kelly 
and  Gille  (1995)  and  the  Gulf  Stream  was  found  to  have  moved  southward  by  nearly  one  degree 
of  latitude  during  1996.  The  Gulf  Stream  path  variations  were  significantly  correlated  with  the 
zonally  averaged  slope  currents.  Because  the  Labrador  Sea  is  thought  to  be  the  source  of  the 
slope  current  water,  changes  in  the  SSH  in  the  Labrador  Sea,  and  specifically,  the  difference  in 
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Figure  2a.  Spatial  function  of  the  first  EOF  of  the  geostrophic  velocity. 


Figure  2b.  Time  series  of  the  first  EOF  of  the  geostrophic  velocity  (solid)  and  the  corresponding  annual 
harmonics  (dashed). 


sea  level  between  the  Labrador  Current  along  the  Canadian  coast  (52°N)  and  SSH  in  the  mid- 
Atlantic  Bight  region  (37°N)  were  computed.  This  time  series  of  alongshore  pressure  gradient 
was  also  found  to  be  significantly  correlated  with  the  zonally  averaged  slope  currents.  Not 
surprisingly,  the  sea  level  difference  and  the  Gulf  Stream  path  were  also  correlated.  Thus, 
neither  theory  can  be  eliminated  as  the  cause  for  the  slope  current  changes.  However,  it  is 
suggestive  that  the  slope  current  changes  were  part  of  the  large-scale  adjustment  of  the  North 
Atlantic  to  abrupt  change  in  the  North  Atlantic  Oscillation  in  1996. 

IMPACT/APPLICATIONS 

The  analysis  of  tidal  corrections  for  the  altimeter  demonstrates  that,  although  the  tidal  corrections 
are  useful  for  reducing  aliasing  in  SSH,  this  SSH  improvement  does  not  translate  into  an 
improved  velocity  estimate,  presumably  because  the  large-scale  SSH  tidal  variations  over  the 
shelf  and  slope  are  coherent,  whereas  the  smaller  scales  in  the  tidal  corrections  are  not 
sufficiently  accurate  to  produce  good  gradients  of  SSH. 

The  analysis  of  slope  currents  showed  that  the  current  fluctuations  are  coherent  over  a  region  of 
more  than  1200  Ian  on  the  Atlantic  coast  and  that  the  dominant  fluctuation  is  seasonally 
reversing  currents.  However,  there  are  interannual  variations  in  the  slope  currents,  which  can 
overwhelm  the  seasonal  cycle.  These  interannual  current  variations  are  related  to  large-scale 
changes  in  the  western  North  Atlantic  Ocean,  probably  owing  to  changes  in  the  North  Atlantic 
Oscillation.  Thus  the  slope  currents  have  a  strong  climate  signal  which  probably  has  implications 
for  slope  water  circulation,  slope  water  characteristics,  and  fisheries. 
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